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METHOD AND DEVICE FOR PROCESSING A
VIDEO SIGNAL AIMED AT COMPENSATING
FOR THE DEFECTS OF DISPLAY DEVICES

FIELD OF THE INVENTION

The invention relates to a method and a device for process-
ing video 1images aimed at compensating for the defects of
certain display devices, in particular nonlinear display
devices (for example cathode ray tubes).

BACKGROUND OF THE INVENTION

A video signal may be represented 1n various spaces inter-
linked by a transtfer function. Thus, the representation space
tor the colour levels consists of a set of integers, varying for
example between 0 and 255. The visualization space 1s, for 1ts
part, the space 1n which the optical signal 1s generated and
perceived.

In most video 1mage display devices, the representation
space for the colour levels and the visualization space are
related by a nonlinear law called the electro-optical transier
function or more commonly the gamma law. The luminous
intensity reproduced on the screen 1s therefore a nonlinear
function of the colour level at the mput of the display device.

The transfer function relating the two representation
spaces 1s characteristic of the type of display device. In the
case of cathode ray tubes, the gamma law of the tube has the
tollowing form:

n. 1s the iput level,
n_ . 1s the output level,

O LEE

N, 1s the maximum level characterizing n, ,

N_ _1s the maximum level characterizing n

v 1s the coellicient characterizing the transfer function.

According to the state of the art, it 1s known, 1n order to
estimate the gamma law of a display device, to display on the
latter a series of uniform 1mages whose level varies from 0 to
255. We then measure the light level L(n) emitted by the
screen for each input level n, then we normalize this curve by
the maximum of these mput levels: y=255*L(n)/L(255).

FIG. 1 and FIG. 2 illustrate a method of processing accord-
ing to the state of the art of a video signal pre-corrected (FIG.
1) or not (FIG. 2) by an mnverse gamma law, aimed at reducing
the visual defects due to the display device.

The transfer function (also called the posterior law subse-
quently 1n the document), described previously and refer-
enced 15 1 FIG. 1, has the feature of attenuating the dark
pixels. It 1s known to pre-correct the 1initial video signal aris-
ing from the camera by an inverse gamma law 11 (also called
the anterior law subsequently 1n the document) so as to com-
pensate for this attenuation before transmitting this signal
corrected to the display device. This processing which 1s
generally performed at the level of the camera 1s not manda-
tory. The value of gamma used to pre-correct the initial video
signal 1s known and specified 1n various documents 1n par-
ticular the Recommendations of the I'TU for television (e.g.
ITU-R BT.709-3, Basic Parameters Values for HDTV, ITU-R
BT.470-6, Conventional 1elevision System).

In addition, before displaying the video signal transmitted
on the screen, 1t may be necessary to apply a video processing
13 to the pre-corrected or not pre-corrected video signals so as
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for example to improve the quality of the signal which will be
displayed. The video processing may, for example, be a re-
interpolation of video images aimed at correcting distortions
in the images. The distortions are due to the display device.

When such a video processing 1s applied, 1t 1s necessary to
work 1n a space which 1s linear with respect to the visualiza-
tion space. Specifically, in the converse case we would see the
appearance on the displayed image of processing dependent
defects. For example, in the case of a re-interpolation the
brightness of a point of the image may vary depending on
whether 1t 1s re-interpolated on one or on n pixels. Specifi-
cally, 1n this case, the visual sum of the intensities of the n
pixels 1s not the same as that of the pixel alone 11 the process-
ing space 1s not a linear space with respect to the visualization
space.

For this purpose, as illustrated m FIG. 1, 1t 1s known to
ivert on either side of the processing block 13, the anterior
law 11 1f the 1imitial signal has been pre-corrected and to invert
the posterior law 15, respectively in the blocks 12 and 14. The
display device modifies according to the gamma law charac-
teristic of the display device the video signal thus corrected.

However, as described previously, a video signal may be
generated and produced by the camera without having previ-
ously been pre-corrected by an inverse gamma law 11. In this
case, as illustrated 1n FIG. 2, 1t 1s known to apply the video
processing directly to the initial video signal 21. The signal
thus obtained 1s corrected by an inverse gamma law 22, so as
to compensate for the attenuation of the dark points intro-
duced by the transfer function of the tube. The display device
23 modifies the video signal thus corrected according to the
gamma law characteristic of the display device.

The method according to the state of the art, though it
makes 1t possible to correct certain defects (for example
attenuation of the dark points), does not take account of
certain characteristics of certain display devices which
depend on the direction of visualization (e.g. inter-pixel over-
lap, shape of the spot).

Thus, 1n the case of the application of video processing
which successively applies to the horizontal (X) and vertical
components of the image (Y), the application of a global
gamma law may cause visual defects. The term global gamma
law signifies a law which applies 1n the same manner whether
we process the vertical or horizontal components of the video
signal. Defects of local attenuation of the red, green and blue
signals, generating colour defects are, for example, visible 1n
the case where we apply a processing of re-interpolation of a
colour 1image.

It 15 therefore desirable in order to process the video signal
to take account of the direction (horizontal or vertical) of
processing.

SUMMARY OF THE INVENTION

For this purpose, the present invention proposes a method
whose objective 1s to decrease certain visual defects by apply-
ing a different gamma law 1n each of the processing directions
(horizontal and vertical). According to the invention, we pro-
pose to process a video signal comprising a horizontal com-
ponent and a vertical component, before the display of the
signal by a display device, according to the following steps:
correction of the video signal by a specific gamma law
associated with a first component from among the hori-
zontal and vertical components of the video signal,

first video processing acting on the first component of the
corrected video signal,

application, to the video signal processed, of an interme-

diate law effecting the transfer from a space which 1is
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linear with respect to the first component to a space
which 1s linear with respect to the other of the horizontal
and vertical components, called the second component,

second video processing acting on the second component
of the video signal emanating from the previous step,
and

correction of the video signal processed by a specific
iverse gamma law associated with the second compo-
nent of the video signal. 10

The order of processing of the components of the signal 1s
ol no importance.

According to a preferred embodiment, the intermediate
gamma law 1s a composition of the law associated with the 15
second component and of the inverse gamma law associated
with the first component. Specifically, after having processed
the signal according to one of these components, it 1s appro-
priate to adopt a standpoint 1n a space which 1s linear accord-
ing to the other component. Thus, 1t the Y component has
been processed first, 1t 15 subsequently approprate to adopt a
standpoint 1n a space linear 1n X.

20

According to a preferred embodiment, the video signal 1s
corrected by the various gamma laws and the intermediate 25
law 1s applied using correspondence tables which with each
iput level of the video signal associate an output level cal-
culated according to the appropriate law.

Advantageously, the first and second video processings are -,
processings ol re-interpolation of the video signal, respec-
tively according to the first component and according to the
second component of the signal.

According to a preferred embodiment, the re-interpolation
of the video signal consists of a filtering of the signal, the filter
used being a polyphase filter.

35

According to a preferred embodiment, the resolution 1n
terms of number of bits (or dynamic range) of the video signal
1s increased during the step of correction by a specific gamma 40
law associated with the first component of the video signal,
and we return to the initial resolution during the step of
correction by a specific inverse gamma law associated with
the second component of the video signal. This increase 1in the
resolution in terms of number of bits may make it possible to
climinate the remaining quantization artefacts.

45

The invention will apply advantageously to nonmatrix dis-

play devices.

The invention also relates to a device intended to imple- °°

ment the method. According to the invention the device com-
Prises:

means for correcting the video signal by a specific gamma
law associated with a first component from among the 55
horizontal and vertical components of the video signal,

means for applying a first video processing acting on the
first component of the corrected video signal,

means for applying, to the video signal processed, an inter-
mediate law effecting the transfer from a space which 1s
linear with respect to the first component to a space
which 1s linear with respect to the other of the horizontal
and vertical components, called the second component;
the means generating an intermediate signal, 65

60

means for applying a second video processing acting on the
second component of the intermediate video signal, and

4

means for correcting the video signal processed by a spe-
cific inverse gamma law associated with the second
component of the video signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood and 1llustrated by
means of wholly nonlimiting advantageous exemplary modes
of embodiment and implementation, with reference to the
appended figures in which:

FIG. 1 illustrates a method of processing a video signal
according to the state of the art, aimed at reducing the
visual defects due to the display device, in the case
where the 1mni1tial video signal has been pre-corrected by
an 1mverse gamma law;

FIG. 2 illustrates a method of processing a video signal
according to the state of the art, aimed at reducing the
visual defects due to the display device, in the case
where the mitial video signal has not been pre-corrected
by an 1mverse gamma law;

FIG. 3 illustrates a method of processing a video signal
according to the invention, aimed at reducing the visual
defects due to the display device, 1n the case where the
initi1al video signal has been pre-corrected by an inverse
gamma law;

FIG. 4 illustrates a method of processing a video signal
according to the invention, aimed at reducing the visual
defects due to the display device, 1n the case where the
initial video signal has not been pre-corrected by an
iverse gamma law; and

FIG. 5 1illustrates a device for processing a video signal
according to the invention, aimed at reducing the visual
defects due to the display device.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The method according to the invention 1s illustrated by
FIGS. 3 and 4. It 1s referenced 3 1n FIGS. 3 and 4 1n FIG. 4.
Themethod includes 5 steps referenced 32 to 36 in FI1G. 3 and
referenced 41 to 45 1n FIG. 4.

The first step 32 of the method 3 (step 41 1n the method 4)
according to the invention consists 1n adopting a standpoint 1n
a linear space in'Y. For this purpose, a law v,-characteristic of
the vertical direction 1s applied to the mnitial video signal,
pre-corrected 31 or otherwise by a global inverse gamma law.
To apply this law, 1t 1s known to use a correspondence table
which will associate with each mput level an output level
calculated according to the appropriate inverse gamma law.

During this operation, the resolution in terms of number of
bits may be increased. This will make it possible 1n particular
to eliminate certain quantization artefacts. The subsequent
steps will therefore be carried out with a larger dynamic range
in terms of number of bits and a return to the 1nitial dynamic
range will be effected upon the application of the last gamma
law.

In the case where, the 1imitial video signal has been pre-
corrected by an inverse global gamma law, the law v,.32 1s a
composition of the law 1 ;-and of the global gamma law, 1.¢.:

Yy OV,

where o 1s the law of composition of the functions and ;-
corresponds to the deviation between the global gamma law
and the law v, measured along Y. v, 1s estimated directly
according to a procedure described subsequently 1n the docu-
ment. The gamma law being known, we deduce the law 1
therefrom.
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In the case where, the 1nitial video signal has not been
pre-corrected by an inverse global gamma law, the law v, 41
1s equal to the law Vv ,=Y 1.

In order to compensate for the distortions imtroduced by the
display device, a video processing making 1t possible to cor-
rect these distortions 1s applied to the video signal. This
processing may for example be a filtering of the images of the
video sequence. More precisely, it will be possible to apply a
processing of re-interpolation of the images. It will also be
possible to apply another video processing addressing a par-
ticular technical requirement of the display device.

For this purpose, the second step according to the invention
33, 42 therefore consists 1n re-interpolating the video image
in Y by applying to the pixels a filter dependent on the Y
displacement to be effected. It will for example be possible to
apply a polyphase filter whose phase will be calculated on the
basis of the shiit in the position of the point to be calculated.
Thus the phase will be zero 11 the point lies on the initial grid.
It will be +0.5 if, the point 1s shifted by %2 of a pixel with
respect to the 1nitial grid. It will be possible to apply any other
type of filter making 1t possible to re-interpolate an 1mage
(e.g. bicubic, bilinear filter).

According to the invention, after having processed the
vertical components of the video signal, the horizontal com-
ponents of the video signal are processed. It 1s then necessary
to adopt a standpoint 1n a linear space i X. For this purpose,
in a third step 34, 43, the following intermediate function
Voo =Y 0V, isapplied to the video signal arising from
the previous step. For this step, 1t will also be possible to use
a correspondence table which with each mput level will asso-
ciate an output level calculated according to the law vy, -
diate. The Tunction vy, will be estimated with the procedure
described later 1n the description.

According to the invention, the fourth step 35, 44 therefore
consists 1n re-interpolating the video image 1n X by applying
to the pixels a filter dependent on the X displacement to be
elfected.

Finally, the fifth step 36, 45 consists 1n correcting the signal
processed by applying to the signal the law

v, ' characteristic of the horizontal direction. For this step, it
will also be possible to use a correspondence table which wall
restore the mitial dynamic range if the latter was modified.

During the five steps described previously, 1t would also be
possible to begin by processing the signal along the horizontal
component (X) and then to subsequently process the signal
along the vertical component (Y).

The video signal thus processed will thereafter be dis-
played by the display device 37, 46.

According to the mvention, the procedure for estimating
the gamma law according to the state of the art, described
previously, will be adapted so as to estimate the laws v, and
v For this purpose, in order to estimate v, we display only
horizontal lines 1 pixel high, separated by a suificient number
of black lines so as to eliminate the Y influences that may
intervene from pixel to pixel (for example 4 black lines). We
then measure the light level L(n) emaitted by the screen for
cach mnput level n, then we normalize this curve by the maxi-
mum of these input levels: v.=255*L(n)/L(255). We proceed
in the same manner to estimate v, using vertical lines 1 pixel
wide, separated by a suflicient number of black columns.

The mventive method can also be applied to laws other than
gamma laws for correcting video signals.

The mvention also relates to a device 5 linked to a display
device 54 aimed at implementing the method described pre-
viously. Only the essential elements of the device are repre-
sented 1n FI1G. 5. The device according to the invention con-
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6

tains 1n particular a memory 32 in which are stored the
correspondence tables used for the processing by the various
gamma laws 32, 34,36, 41, 43, 45. The device also comprises
a processing unit 33 such as a microprocessor or the like
comprising the processing programs, n particular the re-
interpolation program. The processing unit also comprises
the conversion functions allowing the processing by the vari-
ous gamma laws 32, 34,36, 41,43, 45. These functions utilize
the correspondence tables stored in the memory. In addition,
the device contains an input/output interface 31 for recerving
the input video signal, pre-corrected or otherwise by the
gamma law, and transmitting the video signal processed
according to the method 3, 4 of the invention to the display
device.

The invention claimed 1s:

1. Method of processing a video signal comprising a ver-
tical component and a horizontal component, before the dis-
play of said signal by a display device, said method compris-
ng:
correcting said video signal by a specific gamma law asso-
ciated with a first component from among said horizon-
tal and vertical components of said video signal,

applying a first video processing acting on said first com-
ponent of the corrected video signal,
applying, to the video signal processed, an intermediate
law effecting the transier from a space which is linear
with respect to the first component to a space which 1s
linear with respect to the other of said horizontal and
vertical components, called the second component,

applying a second video processing acting on said second
component of the video signal emanating from said
applying of an intermediate law, and

correcting the video signal processed by a specific inverse
gamma law associated with the second component of the
video signal.

2. Method according to claim 1, wherein the intermediate
gamma law 1s a composition of the law associated with the
second component and of the inverse gamma law associated
with the first component.

3. Method according to claim 1, wherein the corrections by
the various gamma laws and the application of the interme-
diate law are performed with the aid of correspondence tables
which with each mput level of the video signal associate an
output level calculated according to the appropriate law.

4. Method according to claim 1, wherein the first and
second video processings are processings of re-interpolation
of the video signal, respectively according to the first com-
ponent and according to the second component of said signal.

5. Method according to claim 4, wherein the re-interpola-
tion of the video signal consists of a filtering of said signal and
in that the filter used 1s a polyphase filter.

6. Method according to claim 1, wherein the resolution in
terms of number of bits of the video signal 1s increased during
the step of correction by the specific gamma law associated
with the first component of the video signal, and the resolu-
tion 1s returned to the 1mitial resolution 1n terms of number of
bits during the step of correction by the specific inverse
gamma law associated with the second component of the
video signal.

7. Method according to claim 3, wherein said method 1s
applied to non-matrix display devices.

8. Device for processing a video signal comprising a ver-
tical component and a horizontal component, before said
video signal 1s displayed by a display device, wherein said
device comprises:
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means for correcting said video signal by a specific gamma means for applying a second video processing acting on
law associated with a first component from among said said second component of the intermediate video signal,
horizontal and vertical components of said video signal, and
means for correcting the video signal processed by a spe-

means for applying a first video processing acting on said

first component of the corrected video signal 5 cific inverse gamma law associated with the second

. _ , _ component of the video signal.
means for applying, to the video signal processed, an inter- 9. The device according to claim 8, wherein the interme-

mediate law etfecting the transfer from a space which 1s diate gamma law 1s a composition of the law associated with

linear with respect to the first component t0 a space  the second component and of the inverse gamma law associ-
which 1s linear with respect to the other of said horizon- |, sted with the first component.

tal and vertical components, called the second compo-
nent; said means generating an intermediate signal, k% k%
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